Abstract: Interlukin-33 (IL-33) is a novel cytokine of the IL-1 superfamily that is expressed mainly in stromal cells, such as epithelial and endothelial cells. It is believed to be involved in inflammation and carcinogenesis. Recently we have reported that IL-33 is up regulated in azoxymethane-dextran sulfate sodium salt (AOM/DSS)-induced in colitis in mice. In this study we have investigated the biological activity of IL-33 in cells migration in IEC-6 epithelial cells. Our wound healing assay demonstrated that IL-33 significantly enhanced cell migration towards the wound edges compared with the untreated control cells. Trans-well migration assay in presence of cells culture and wound stimulation in the lower chamber, IL-33 exhibited significant chemoattractant activity for the cells migration. On the other hand, in absence of cells culture and wound stimulation in the lower chamber, IL-33 neither produced remarkable chemokine, nor chemoattractant activity for the cells migration. These findings indicate that IL-33 interacts with wound-stimulated soluble cellular product(s) in the lower chamber to accelerate cell migration.
Introduction
Interlukin-33 (IL-33) is a novel a member of IL-1 family of cytokines with a growing number of target cells and a plethora of biological functions (Martin et al., 2016) . IL-33 is expressed mainly in stromal cells, such as epithelial and endothelial cells (Miller, 2011) . IL-33 doesn't express it function like typical cytokines, it exerts biological effects through activation of the membrane associated ST2 receptor (Yagami et al., 2010) and as an intracellular nuclear factor with transcriptional regulatory properties (Haraldsen et al., 2009; Kakkar et al., 2008) . Although IL-33 was previously described as a nuclear factor, it is expressed both in the cytoplasm and nucleus. IL-33 is now thought to function as an alarmin that is released following cell necrosis to alert the immune system to tissue damage or stress ( Pichery et al., 2012) . Now a day, special emphasis has been given on the pro-inflammatory roles of the IL-33/ST2 signaling pathway, particularly in gastrointestinal pathophysiology related to colitis and carcinogenesis. Recently it is reported that active ulcerative colitis (UC) patients express significantly elevated levels of IL-33 mRNA and sub-epithelial myofibroblasts act as a major source of IL-33 (Kobori et al., 2010) and play a critical role in mucosal repair process in the mucosa of UC patients (Andoh et al., 2002) . Cell migration is an important phenomenon involved both in innate and adaptive immunity in the body. Inflammation depends on the migration and recruitment of varieties of immune cells at the site of inflammation. Recent evidences suggested that IL-33 is a selective Th2 chemoattractant associated with pro-inflammatory activity (Komai-Koma et al., 2007) . IL-33 accelerated the invasion and migration of gastric cancer cells, while, knockdown of the IL-33 receptor ST2 attenuated the IL-33-mediated invasion and migration (Yu et al., 2015) . Recently a group of scientist reported that IL-33-ST2 promotes metastasis through the interaction between perivascular cells and tumor-associated macrophages in xenograft mouse models of cancer (Yang et al., 2016) . Considering the above backgrounds, we aimed to study the biological activities of IL-33 in cell migration, if any.
Materials and Methods

Cell culture
The IEC-6 rat small intestinal cell line was obtained from the RIKEN Cell Bank (RCB0993, Japan). The cells were cultured in DMEM medium containing 10% FBS. The condition of the cells was observed using phase contrast microscopy and healthy cells were sub-cultured for subsequent experimentation. In all cases, the experiments were performed in at least triplicate.
Wound healing assay
A wound healing assay was performed using IEC-6 cells (Islam et al., 2014) . IEC-6 cells were cultured in 6-well plates until confluence and then serum-starved overnight. Thereafter, the confluent cell layer was scratched with a pipette tip and the medium was changed. Images (4fields/well) were acquired of the scratched cells, which were then washed and treated with medium containing IL-33 (30 ng/mL). After 24 hours, new images were acquired of the same fields and wound areas were measured using Image J software. Five wells per condition were examined.
Trans-well migration assay
Trans-well chambers (8-µm pore size, BD Biosciences, Durham, NC, USA) were prepared by pre-coating with gelatin (1%). IEC-6 cells (5x10 5 ) in 300 µl of DMEM were placed in the upper chamber of cell culture inserts in a 24-well plate. In the lower chambers, IEC-6 cells were cultured and stimulated with wound stimulation, as above. FBS (1%) or IL-33 (30 ng/mL) was added to the lower chamber and IL-33 (30 ng/mL) was added to the upper chamber. The cells were incubated for 8 hours and cell migration was enumerated in five randomly selected fields for each experiment. Similarly, experiments were also performed in the absence of cells in the lower chamber. The upper chamber of the cell culture insert was placed into the lower chamber. FBS (1%) or IL-33 (30 ng/mL) was added to the lower chamber and IL-33 (30 ng/mL) was added to the upper chamber. The cells were incubated for 8 hours and cell migration was enumerated in five randomly selected fields for each experiment.
Statistical analysis
All experiments were performed with a minimum of triplicate replication, and values are expressed as mean ± SEM. Statistical significance (*P <0.05 and **P <0.01) was determined by using the Student's t test and oneway ANOVA, as appropriate.
Results
IL-33 promotes epithelial cells migration in wound healing assay
Cell migration is an important inherent qualities of live cells and critical for normal development, immune response, and disease processes such as cancer metastasis and inflammation. In this study, biological activity of IL-33 was investigated in concept of cell migration potentiality in wound healing assays. IEC-6 cells were cultured and serum-starved overnight, and the monolayer was wounded by scratching with a pipette tip. The cells then washed with HBSS, imaged (0 hour) and the medium replaced (DMEM containing 30 μg/mL IL-33). After 24 hours, the IL-33-treated cells showed significant enhanced cell migration towards the wound edges compared with the untreated control cells (Figure 1 A-B) . 
IL-33 promotes epithelial cells migration in trans-well migration assay
Trans-well migration assay is an important tool to assess the potentiality of any chemicals or drugs or inherent properties that accelerates or inhibits cell migration during physiological and pathological stages of the body. The role of IL-33 on the migration of IEC-6 cells was assessed using a trans-well assay, in the absence (no cell culture) and presence of IEC-6 cells in the lower chamber. In the absence of IEC-6 cells in the lower chamber IL-33 (30 ng/mL) added to either the upper or lower chambers produced little or no chemoattractant activity for cell migration (Figure 2A-B) . On the other hand, IEC-6 cells were cultured to confluence in the lower chamber prior to wound stimulation as like wound healing assay. We found that the inclusion of wounded IEC-6 cells in the lower chamber resulted in IL-33 (30 ng/mL) inducing cell migration by exerting chemoattractant activity ( Figure 3A-B) . These findings indicate that IL-33 interacts with wound-stimulated soluble cellular product(s) in the lower chamber to accelerate cell migration. It is to be mentioned that in both techniques, 1% FBS in the lower chamber showed a high chemoattractant activity in trans-well migration assay. 
Discussion
Migration is a key property of live cells and critical for normal development, immune response, and disease processes such as cancer metastasis and inflammation (Justus et al., 2014) . Methods to examine cell migration are very useful and important for a wide range of biomedical research such as cancer biology, immunology, vascular biology, cell biology and developmental biology (Justus et al., 2014) . The well-known intestinal epithelial cell line (IEC-6 cells) was chosen to study the biological effects of IL-33 in cell migration assay. The pharmacological action of IL-33 in a wound-healing assay was then assessed. Treatment of IEC-6 cells with IL-33 for 24 hours produced enhanced cell migration in the wound-healing assay. Wound stimulation is a pathological process that involves many inflammatory signaling pathways. Therefore, we investigated the physiological role of IL-33 in cell migration. We used two trans-well migration assay methods, the conventional method with no cells in the lower chamber and an alternative method that involved IEC-6 cell culture in the lower chamber followed by wound stimulation. In the absence of cells in the lower chamber, application of IL-33 to either the upper or lower chamber resulted in little or no chemoattractant activity and cell migration. However, in the presence of wounded cells in the lower chamber, application of IL-33 to the lower chamber resulted in elevated chemoattractant activity and cell migration. These findings suggest that IL-33 interacts with wound-stimulated soluble cellular product(s) present in the lower chamber that influence the rate of cell migration. Others have reported that IL-33 is a powerful chemoattractant molecule, in both in vitro and in vivo experiments, with pro-inflammatory properties (Komai-Koma et al., 2007) . There is a scientific argument that following wound stimulation, cells release many soluble products into the medium, including known and unknown factors released from dead or damage cells that could interact with IL-33 and elicit a complex signaling phenomenon.
Conclusions
The increased IL-33 production during inflammation contributes to epithelial cell migration, remodeling, and repair of damaged areas or metastasis in the cancer environment.
